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• (100 h-1 Mpc)3 cosmological 

volume on a 2563 grid 

• Started at z=30 and ended at 
z=0 with 200 of fixed da 

• Outline 

• Speed-up over three code 
versions 

• Verification and visualization 

• Boundary conditions
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Figure 2: HST ACS + WFC image of the field of the UV-bright quasar PKS0405−12 from our
Snapshot survey. The image reveals the detailed morphology of galaxies probed by the quasar
sightline. Foreground galaxies with redshifts from our Magellan survey are labelled in yellow while
background galaxies are labelled in grey. Galaxies associated with OVI (Lyα) absorption systems
are shown by solid (dotted) yellow outline. The orientation of the image is shown in white and
a white dotted circle with a radius of 1′ centered on the quasar is shown to provide scale. For
reference, 1′ at z ≈ 0.3 corresponds to a physical separation of ≈ 300 kpc.

Surveys of the IGM-Galaxy Connection

❖ Absorption-blind galaxy 
surveys near COS 
sightlines

❖ r<23 & <10’ from sightline
❖ 500–1000 galaxies/field
❖ >80% completeness for 

0.1L* galaxies at <500 kpc

❖ 2 fields published
❖ 5 more on the way
❖ Full catalogs and gas-

galaxy clustering coming 
in the next year!

SDJ, Chen, & Mulchaey 2013
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OVI & the Warm-Hot Intergalactic Medium?
Cen & 
Ostriker 1999
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OVI absorptions is not a good 
tracer of the WHIM. IGM 

metallicity too low for detection?
But galaxy environment looks to 

be playing a role!

Cen & Ostriker 1999

Gnat & Sternberg 
2007
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The IGM and Galaxy Environment

G1 @ z = 0.1202 
and ρ = 11.5 kpc

G2 @ z = 0.1203 
and ρ = 20.4 kpc
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Johnson et al. 2014  (MNRAS 438 4)

Johnson et al. 2014  (MNRAS 438 4)

SDJ et al. 2014

SDJ, Chen, & 
Mulchaey 2015a

Galaxy interactions may strip heavy element 
enriched halo gas within the galaxy virial radius 

to larger distances. In the strong interactions, 
stripping or heating can be extreme.

SDJ et al. 2014



The IGM and AGN
AGN halos have enhanced 

cool gas compared to 
inactive galaxies. ~40% of the 
gas is not bound. Bad proxy 

for massive galaxy CGM!

Tidal remnants from mergers 
thought to trigger luminous 

AGN or AGN driven 
outflows on ~200 kpc scales?

SDJ, Chen, & Mulchaey 2015b

[O III] intensity [O III] 80% width

Liu et al. 2013a, b10 kpc
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200 AGN with 
background sightlines!

A
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Chynoweth 2008

M81
M82

150 kpc

Extended gas from 
interactions, but <200 km/s

SDJ in prep

Stripped gas?



The IGM and AGN: more to come!
WISE selected obscured AGN with background 

sightlines to build a representative AGN sample.

Follow-up 
observations to 

constrain quantity, 
ionization state, and 

origins of the gas 
using high resolution 

absorption 
spectroscopy.

Connections with 
extended outflows 

observed in emission?

[O III] intensity [O III] 80% width

Liu et al. 2013a, b10 kpc
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Prochaska 2009

Hundreds of these, just 
need confirmation spectra 

(4-m friendly!)

d=110 kpc



Money plots

G1 @ z = 0.1202 
and ρ = 11.5 kpc

G2 @ z = 0.1203 
and ρ = 20.4 kpc
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Johnson et al. 2014  (MNRAS 438 4)

The IGM & 
Environment The IGM & AGN



Bonus slides: Cool halo gas in 
38000 Luminous Red Galaxies

Yun-Hsin Huang
(now at Arizona)

Huang et al. (submitted)

Passive LRGs

[O II] emitting LRGs



Bonus slides: Cool halo gas in 
38000 Luminous Red Galaxies

Huang et al. (submitted)

At small projected distances, [O II] emitting 
LRGs exhibit enhanced cool gas absorption. 

The velocity dispersion of the gas is 
suppressed to ~40% to of the virial velocity.

Excess absorption along major axis 
from [O II] emitting LRGs but not 

passive ones.

Best explained as mix of cool clouds formed 
in thermally unstable hot halo and gas from 

satellite accretion through filaments.


